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' System for measuring the surface geometry and surface 
evenness of flat products " 



The invention relates to a system for measuring the 
surface geometry of flat products, in particular of 
metal strip or bulk material, and also the surface 
evenness derived from the geometry. 

Various methods are known for measuring the surface 
geometry of flat products. In addition to contact 
measurement, which is widely used and in which a 
plurality of* contact measuring elements cover the 
surface to be measured, contactless measurement is 
advantageous particularly in the metal-strip field. 

For this purpose, it is known to produce optical 
measurement points on the strip surface, to detect the 
location change thereof using suitable sensors and to 
convert it with the aid of a triangulation method into 
location changes on the strip surface. In this case, 
the change in the spatial coordinates of the surface 
point results from the angle of incidence of the light 
beam and the position of the sensor in conjunction with 
the location change of the imaging point. 

A plurality of light spots can be used to make 
statements about a relatively large region of the flat 
product. However, methods which work with measurement 
lines are better suited to measuring areas. Thus, by 
way of example, the Moire effect is utilized in order 
to image an interference pattern on the surf ace of the 
flat product and to quantitatively determine tTFTe* 
surface geometry from this. 

The German published Patent Application 197 09 992 
discloses a method for measuring the surface geometry 
of a metal strip, in which, using a light source, a 
multiplicity of lines are produced by projection for 
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example with the aid of a line transparency on the 
strip surface. 

For this purpose, a projector aligned with the strip 
surface to be measured is arranged above the strip. A 
transparency is provided between the projector and the 
strip surface to be measured, a stripe pattern being 
imagined on the strip surface through the said 
transparency. Strip unevennesses bring about a change 
in the lines projected onto the strip surface. A 
measuring apparatus, for example a CCD camera, arranged 
behind the projector in the running direction of the 
strip, can be used to detect _the changes in the 
measurement lines on the strip surface. 



In order to calibrate the system, the line pattern is 
projected onto a reference plane. A "calibration table" 
is used for this purpose. The images - acquired by the 
camera - of the reference plane and of the strip to be 



pfrase-shif ting method" . J With this method, a phase 



age is generated from the camera image. Each pixel of 
the camera supplies a specific brightness value. A 
periodic brightness profile is present in the 
transverse direction with respect to the line pattern. 
With the aid of the phase-shifting method, ,JL_J^f££_ 
angle is assigned to each pixel. T he phases obtained 
with the aid of the calibration table serve as a 
reference phase image. With the aid of the phase image 
obtained on the object to be measured and the reference 
phase image, it is possible to determine the actual 
peak differences on the object to be measured. 

High-quality measurement results can already be 
obtained using this measuring system, but the system is 
limited in particular in terms of its variability and 
is capable of improvement with regard to the 
measurement sensitivity. 




compared according to the 
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The invention is based on the object of . providing a 
surface measuring system which is suitable for 
different types of flat products and yields 
high-quality measurement ■ results'. Furthermore, the 
invention is based on the object of developing the 
measuring method described in the German published 
Patent Application 197 09 992 with regard to its 
possible fields of use and its resolution. 

The problem of the invention is solved by the 
independent ^claims. Advantageous refinements are 
represented in the subclaims. 

All independent aspects of the invention are utilized 
in the preferred overall system. According to one 
aspect of the overall system, camera and projector can 
span with the measurement points an angle which is less 
than 90°, and/or be arranged on one side of the flat 
body at different heights. This results in a 
space-saving embodiment which considerably extends the 
local field of use of the measuring . system, since ■ in 
many applications there is insufficient space available 
above the flat body . 

According to a further aspect of the invention, a 
transparency, is arranged between projector and flat 
body and allows the electronic generation of a line 
pattern, for example via a transparent liquid-crystal 
element. The optimal projection patterns for the 
individual case can thus be set by means of appropriate 
control or the computer system of the measuring system. 
This allows, for example, a combination of the line 
density, brightness and other properties of the 
projected pattern which is adapted to the requirements. 
Thus, the situation where a separate transparency has 
to be used for each individual case of measurement and, 
in particular, thusly a transparency having the desired 
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combination of projection properties has to be produced 
is avoided. This reduces the costs and time taken for 
the individual applications. The system according to 
the invention is thereby significantly more flexible 
for different fields of use, in particular different 
surfaces . 

Furthermore, this preferred embodiment of the measuring 
system according to the invention has, according to a 
further aspect of the invention, a regulated control of 
the camera and illumination parameters. Aperture, 
exposure ■ time and brightness of the projector are 
automatically regulated in such a wa y that^ all t he 
p i x (=>ij* ^f^jjip ^mea^urement^re aion haj ze — -the.^. desired 
control. This is particularly advantageous in the use 
of the measuring system according to the invention with 
cold strip. In this case, the properties can change 
continuously during measurement, for example due to 
reflection at the strip surface, and thus corrupt the 
measurement signals. 

The performance of the measuring system is increased' by 
another aspect of the invention by the measuring camera 
having a non-linear sensitivity. This is advantageous 
in particular when the changing reflection properties 
of a cold strip, for example, can no longer be 
compensated via the control with time and aperture 
adaptation. The non-linear sensitivity covers a 
considerable brightness spectrum, in a similar manner 
to the human eye, so that all measurement situations 
can be accurately detected. 

For further improvement of the quality of the 
measurement results, the signals can be 'filtered. In 
particular during the measurement of metal strip in the 
rolling train, the measured values can be undesirably 
changed due to a displacement of the strip in the 
direction of the normal vector to the reference plane 
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or in other directions and by bending of the strip. The 
displacement of the strip in the direction of the 
. ^ normal vector is already largely compensated by the use 
of a projected line pattern. The displacement in other 
5 directions or bending of the strip can be 
/ differentiated by filtering the surface changes as a 
I result of strip unevenness, since the wavelengths of 
x v the respective movement components differ. Furthermore, 
this strip movement produces "developable areas", while 
10 j the surface evenness is based on the non-developable 
/ component. On this basis, the filtering described can 
\ be used ■ to v * represent a measurement signal which 
\ exclusively contains a statement about the strip 
/ unevenness. The values determined are preferably used 
15 to generate a suitable virtual compensation area with 
\ which undesirable displacement and bending can be 
compensated computationally. 

In the preferred system, the measuring system is 
20 calibrated without the customary physical reference 
plane at the measurement point, by using arbitrary 
fixing points of the installation in . order to generate 
a computational reference plane. This reference plane 
can be used to set the system both with regard to the 
25 peak differences and with regard to the longitudinal 
calibration. This avoids the use of the unwieldy and 
heavy physical reference plane, reduces the required 
space for measurement and avoids difficulties in 
bringing the reference plane into the position required 
30 for calibration. Furthermore corruption of the 
measurement signal as a result of unevennesses of the 
reference plane, which generally lie between +0.5 and - 
0.5 mm, is avoided. 

35^ From the camera image it is possible to . determine not 

\only the peaks of the strip surface of the running 
strip but also, in the case of non-continuous strips, 
such as e.g. hot strip or heavy plate, the peaks at the 
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start and end of the strip, in particular the "ski", 
i.e. upward or downward bending. 

In addition to the peaks, the border can be determined 
from the image data. The said border comprises the 
strip width, the strip sabre and the generally 
curvilinear boundaries of the start of the strip and 
end of the strip. The method described thus also 
detects e.g. curvilinearly bounded ends, so that it is 
10 also possible fox the rolling installation to be 
corrected for the subsequent strip with the aid of this 
measuring method. 

pi ^ The measuring method can furthermore be used for 

*Q 15 determining the optimal cut length. 



\j The invention is explained in more detail below using 



an exemplary embodiment illustrated in the drawing. 
20 In the drawing: 

Fig . 1 shows a diagram of the regulated control of the 



?y measuring system; 



25 Fig. 2 shows an illustration of an arrangement of 
projector and camera; 

Fig. 3 shows strip form faults such as sabre, ski, 
curved strip ends and the strip edges for 
30 determining the strip width; 

F ig . 4 shows a flow diagram for the sequence of a 
measurement operation; 

35 Fig. 5 . shows a liquid-crystal element. 



The regulated control of the overall system as shown in 
Fig. 1 reproduces the conventional construction of a 
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measuring system above the broken line, while the 
measuring system regulation according to the invention 
is discernible below the broken line. In this case, in 
the process computer 1, the grey-shade values generated 
by the CCD camera 2 are' evaluated quantitatively and 
related to the sensitivity range prescribed by the CCD 
camera 2. In order to effect measurement in the optimal 
sensitivity range, the parameters time, aperture and 
illuminance of the projector 3 are then regulated. 

Fig. 2 reveals the arrangement of projector 23 and 
camera 22, which takes up a significantly smaller space 
above the strip 4 than conventional systems. In this 
case, camera 22 and projector 23 can be arranged above 
one another above the strip or above one another next 
to the strip. Likewise, camera 22 and projector 23 can 
be arranged next to one another on one side of the 
strip or above the strip 4. 

The evaluation of the grey shades with regard to the 
strip geometry is effected according to the customary 
phase-shifting method with additional filtering of the 
undesirable measured-value components. 

The latter may result from strip movements in the 
direction of the strip thickness. This direction is the 
direction of the normal vector to the reference plane. 
On account of oscillation and bending, then, these 
strip movements may differ at the individual strip 
locations. This would result in an error in the 
measured surface evenness. These undesirable 
measured-value components are filtered out from the 
primary measured components. It is assumed here that 
these undesirable measured-value components differ in 
frequency and wavelength from the measured-value 
components which are attributable to the surface 
evenness to be measured. 
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Fig. 3 a illustrates the strip form fault "sabre" of 
the strip 4 . 

Fig. 3 b illustrates a further strip form fault "ski" 
of the strip 4. This strip form fault is detected, on 
the one hand. On the other hand, however, this deformed 
strip section is excluded from the strip length over 
which the surface evenness is measured. 

The flow diagram" illustrated in Fig. 4 reveals the 
sequence of a measurement operation in which, with the 
aid of the CCD camera, the strip edges are determined 
and evaluated by the computer in order finally to be 
used for the regulation of the rolling train. 

The rolling train 41 produces a strip form whose 
characteristic values 43, such as surface evenness, 
sabre, ski and strip width, are detected by the 
measuring system 42. These are fed to a multi-variable 
regulator 44, which prescribes desired value changes of 
different manipulated variables on the rolling train. 

Fig. 5 schematically shows the function of a 
liquid-crystal transparency 51, 52 in conjunction with 
the measuring system. 51 shows a detail of the 
transparency 51, 52 over a wavelength Dl . Two mounting 
locations of the projector are shown, which correspond 
to the liquid-crystal transparencies 51, 52, and a 
light beam at the start and at the end of a wavelength 
is illustrated in each case. The camera 53 is shown 
perpendicular to the strip 54, the camera angle being 
arbitrary. The aim is to obtain a constant wavelength 
lambda in the image, irrespective of the position of 
the projector and camera 53. This aim is achieved by 
suitably changing the wavelength in the transparency 
51, 52 by a program. Consequently, the optimal 
transparency is in each case set for the prescribed 
projector and camera angle. 



